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Abstract 
Background: The relationship among cytomegalovirus (CMV) infection and the serum level of chemokines and soluble adhesion molecules 

is not well studied. This study aimed to assess chemokines and soluble adhesion molecules in CMV-positive Saudi renal transplant recipients.  

Methodology: The study was conducted in a tertiary hospital in Eastern Saudi Arabia over a 12-month period. All kidney transplant 

recipients who regularly attended the nephrology clinics were included (n = 150). Randomly selected age- and sex-matched individuals 

served as a control group (n = 158). CMV antibodies (IgG and IgM), chemokines and soluble adhesion molecules were measured using 

standard enzyme-linked immunosorbent assay (ELISA). CMV viral DNA was detected using real time polymerase chain reaction (PCR). 

Results: Of the 150 patients studied, 149 (n = 150) had detectable levels of Anti-CMV IgG antibodies (99.3%). In the control group, 113 (n = 

158), blood donors had anti-CMV IgG antibodies (71.5%). Forty-one (n = 150) kidney transplant recipients were positive for anti-CMV IgM 

antibodies (27.3%), whereas only one (n = 158) blood donor had detectable anti-CMV IgM antibodies. All IgM positive samples contained 

CMV viral DNA.  MCP-1, IL-8, ICAM-1, and VCAM-1 levels were measured using ELISA. Of those, only MCP-1 and IL-8 were 

detectable. Eighteen kidney transplant recipients were positive for MCP-1 (12%). All MCP-1 patients were also anti-CMV IgM positive, 

while 5 patients had detectable levels of IL-8 (3.3%). All these patients were CMV IgM-positive.  

Conclusions: The increase in chemokine levels during CMV infection may reflect a possible role for these molecules in the 

immunopathogenesis of CMV infection in this study population. 
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Introduction 

Cytomegalovirus (CMV) is a persistent herpes 

virus with a double-stranded DNA genome [1,2]. 

CMV-DNA is surrounded by three layers: a 

tegument, a capsid with 162 protein capsomers, and 

an outer envelope. The principal reservoirs of CMV 

are fibroblasts, myeloid, and endothelial cells [3]. 

Although kidney transplantation is the treatment of 

choice for end-stage kidney disease, recipients 

require careful follow-up to prevent complications. 

Due to immunosuppressive medications kidney 

transplant recipients are susceptible to various 

infections that include CMV and others [4-10]. 

Transplant recipients using immunosuppressants are 

particularly prone to CMV disease [6, 8-9]. 

CMV affects 60% to 90% of healthy individuals 

[1]. Primary infection is often asymptomatic but can 

produce a clinical presentation similar to Epstein-

Barr (EBV) infection with fever, myalgia, 

pharyngitis, cervical lymphadenopathy, mild 

hepatitis, and splenic enlargement. Myocarditis, 

pneumonitis, aseptic meningitis, and Guillain-Barré 

syndrome are rare manifestations [1-3]. The 

laboratory diagnosis of CMV infection involves 

routine viral diagnostic techniques. The polymerase 

chain reaction (PCR) test for CMV-DNA is 

increasingly recognized as the method of choice for 

diagnosis and therapy monitoring in CMV disease 

[1,5]. 

CMV infection is often associated with organ 

involvement, and the infiltration of leucocytes in 

these areas is associated with production of 

chemokines and up-regulation of adhesion molecules 

on endothelial cells and leucocytes [11]. Based on the 

potentially important role of chemokines and 

adhesion molecules in the immune response during 

CMV infection, these molecules could contribute to 

the development of infection and clinical 

manifestations of CMV-related disease in renal 

transplant recipients. The aims of this study were to 

determine the CMV antibodies (IgM and IgG) in 

Saudi renal transplant recipients and control group as  
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well as the serum concentrations of the chemokines 

and soluble adhesion molecules (by ELISA) in CMV-

positive Saudi renal transplant recipients and control 

group to correlate CMV positivity with chemokines 

and soluble adhesion molecule levels. 

 
Materials and Methods 

Study population 

The study was conducted at a tertiary hospital in 

Eastern Saudi Arabia over a period of 12 months. All 

kidney transplant recipients who regularly attended 

the nephrology clinics were included (n = 150). 

Randomly selected age- and sex-matched individuals 

were recruited to serve as a control group in this 

study (n = 158). Participants were provided with a 

clear description of the objectives of the present 

study and written consent was obtained.  

 

Enzyme-linked immunosorbent assay (ELISA) 

Peripheral blood samples were collected from the 

subjects by venepuncture in a plain tube and left to 

coagulate. Subsequently, fresh serum samples were 

isolated and immediately frozen prior to analysis. 

Seropositivity for CMV was determined by testing 

for IgM and IgG antibodies employing ELISA 

(Bioscience, USA). Chemokines and soluble 

adhesion molecules were measured in the sera of 

CMV-positive individuals and in the control group 

using standard ELISA (R&D systems, USA) 

according to the manufacturer’s recommendations.  

 

Polymerase chain reaction (PCR) 

CMV viral DNA was assessed by real time PCR 

using CMV Real-TM kit (Sacace Biotechnologies, 

Italy) according to the manufacturer’s 

recommendations. 

 

Statistical analysis 

Statistical analysis was done using SPSS 

computer program version 9, using the students’ t-

test. 

 
Results 
Characteristics of kidney transplant recipients 

The present study used the same study population 

of kidney transplant recipients that we used in a  

 

 

 

 

 

 

previous study [12]. The control group included 

blood donors from the same population. 

 

Assessment of CMV antibodies in kidney transplant 

recipients (Table 1) 

Of the 150 Saudi kidney transplant recipients 

included in this study, 149 had detectable levels of 

Anti-CMV IgG antibodies (99.3%). In the control 

group (n = 158), blood donors had anti-CMV IgG 

antibodies (71.5%). The anti-CMV IgG positivity 

was significantly higher in kidney transplant 

recipients than in the blood donors (p = 0.001). 

As for the anti-CMV IgM antibodies, 41 (n = 

150) kidney transplant recipients were positive 

(27.3%), whereas only one (n = 158) blood donor had 

detectable anti-CMV IgM antibodies. CMV viral 

DNA was detected by real time PCR in all IgM-

positive individuals. 

 

Assessment of levels of chemokines and soluble 

adhesion molecules (Table 2)   

To assess the role of chemokines and soluble 

adhesion molecules in the CMV-infected kidney 

transplant recipients, the levels of MCP-1, IL-8, 

ICAM-1, and VCAM-1 were measured using ELISA. 

Of those, only MCP-1 and IL-8 were detectable. 

When MCP-1 was measured, 18 kidney transplant 

recipients were positive for MCP-1 (12%). All MCP-

1 patients were also anti-CMV IgM positive. On the 

other hand, 5 patients had detectable levels of IL-8 

(3.3%). All these patients were CMV IgM-positive. 

 

 

 
 No. (%) positive 

MCP-1 18 (12%) 

IL-8   5 (3.3%) 

 

Discussion 
CMV infection is common in healthy humans; 

however, in transplant recipients it poses a special 

risk and is associated with morbidity and mortality. 

The levels of anti-CMV IgG and IgM antibodies 

were assessed by ELISA. Subsequently, 149 (n = 

150) kidney transplant recipients had a detectable 

level of Anti-CMV IgG antibodies (99.3%). In the 

 IgG positivity (%) IgM positivity (%) 

Patients (n = 150) 149 (99.3) 41 (27.3%) 

Controls (n = 158) 113 (71.5%)   1 (0.63%) 

Table 1. Assessment of CMV-specific IgG and IgM  antibodies in kidney transplant recipients and control group. 

Table 2. Analysis of MCP-1 and IL-8 in CMV-positive kidney 

transplant recipients. 
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control group, 113 (n = 158) blood donors had anti-

CMV IgG antibody (71.5%). IgG antibodies usually 

indicate past exposure to the antigen. The anti-CMV 

IgG positivity was significantly higher in kidney 

transplant recipients than in blood donors (p = 0.001). 

As for the anti-CMV IgM antibodies, 41 (n = 

150) kidney transplant recipients were positive 

(27.3%), whereas only one (n = 158) blood donor had 

detectable anti-CMV IgM antibodies. Anti-CMV 

IgM antibodies indicate current or recent CMV 

infection. This was confirmed with the detection of 

CMV viral DNA in all IgM-positive samples. The 

high level of CMV infection in the transplant 

recipients in this study may well be due to 

immunosuppression. Fifty-two of the kidney 

transplant recipients included in this study received 

azathioprine and 98 patients received mycophenolate 

mofetil. Both of these subgroups of patients received 

comparable low doses of cyclosporin and 

prednisolone. 

The published data about the prevalence of CMV 

infection in Saudi transplant recipients is scanty 

[13,14]. Aljurf et al. [13] determined CMV infection 

in 641 Saudi allogeneic bone marrow transplantation 

patients. Only two patients had CMV infection. Ellis 

et al. [14] described CMV infection in 2 out of 13 

immunocompomised patients following open lung 

biopsy. 

Chemokines are cytokines which, in addition to 

activating leucocytes, have specific chemo-attractive 

properties [15]. Up-regulated adhesion molecules on 

leucocytes and endothelial cells mediate the 

recognition, adherence and extravasations of 

leucocyte subsets to sites of inflammation [16]. 

Indeed, in vitro infection of various cells with CMV 

has demonstrated an effect on the production of 

various chemokines [17,18] and on the expression of 

several adhesion molecules on the membrane surface 

[19,20, 21]. 

To assess the role of chemokines and soluble 

adhesion molecules in the CMV-infected kidney 

transplant recipients, the level of MCP-1, IL-8, 

ICAM-1, and VCAM-1 were measured using ELISA. 

Of those, only MCP-1 and IL-8 were detectable. 

When MCP-1 was measured, 18 kidney transplant 

recipients were positive for MCP-1 (12%). All MCP-

1 patients were also anti-CMV IgM positive. On the 

other hand, five patients had detectable levels of IL-8 

(3.3%). All these patients were CMV IgM-positive. 

MCP-1 is a small chemokine belonging to the CC 

chemokine family that is also known as Chemokine 

(C-C motif) ligand 2 (CCL2). MCP-1 induces 

recruitment of monocytes, T lymphocytes, 

eosinophils, and basophils, and is responsible for 

many inflammatory reactions to disease. Interleukin-

8 (IL-8) is a chemokine produced by macrophage and 

other cell types such as epithelial cells. IL-8 is 

released to signal other immune cells to come in to 

the site of inflammation. The exact role played by 

MCP-1 and IL-8 in the pathogenesis of CMV 

infection in kidney transplant recipients is not clear. 

Both chemokines may contribute to the anti-

inflammatory response against CMV infection. 

However, if the inflammatory process is taking place 

in the kidney, this may lead to kidney damage and 

rejection of the transplanted kidney. Correlating the 

levels of MCP-1 and IL-8 levels with the creatinine 

levels and RANTES levels in CMV-positive kidney 

transplant recipients may well be helpful in assessing 

their role in kidney dysfunction [22]. 

 
Conclusion 

During CMV infection, and in particular during 

CMV disease, a considerable increase is seen in 

plasma concentrations of chemokines, probably 

reflecting the roles of these molecules in the 

immunopathogenesis of CMV infection. While some 

of the biological effects of these multifunctional 

molecules may be protective, others may contribute 

to disease manifestations. Further studies are needed 

to clarify the importance of these molecules in human 

CMV disease. 
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